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ABSTRACT 

The present need to assess radiation dose rapidly in mass-casualty and population-monitoring scenarios 
prompted an evaluation of potential protein biomarkers that can provide early diagnostic information after 
exposure. Using an ex vivo model system of human peripheral lymphocytes as well as an in vivo murine 
model, we demonstrated radiation-responsive changes in the expression of the proto-oncogene proteins ras-
p21, raf-1, and DNA repair protein p21Waf1Cip, each with a progressive time- and radiation-dose-dependent 
increase. In addition, we adopted a methodology to identify, optimize, and validate radiation-responsive mo-
lecular biomarkers that employs Luminex™ technology, a microsphere-based multi-analyte assay system. 
This technology is based on the principles of the sandwich immunoassay and flow-cytometric analysis in a 96-
well microtiter plate format. Current studies use reagents prepared in-house by conjugating capture antibod-
ies to Luminex™ microspheres, and biotin to detection antibodies. Preliminary results demonstrate that ra-
diation-responsive changes in the level of GADD45 DNA repair protein occurred with a progressive time- 
and radiation-dose-dependent increase in the range of 0.15 to 6.0 Gy. A robotic analysis system for process-
ing the blood protein bioassay was established at the Armed Forces Radiobiology Research Institute (AFRRI). 
The system consists of a Qiagen Biorobot-8000 for large-sample liquid handling to work in concert with the 
Luminex™ platform. This robotic system provides “proof of concept” for high-throughput isolation, detec-
tion, and quantification of blood protein biomarkers for radiation-dose assessment. Use of this sandwich im-
munoassay bioassay approach is compatible with field-deployable and hand-held diagnostic platforms. Use of 
validated molecular biomarker assays linked with existing AFRRI medical recording software and medical 
data-recording forms, available at the website www.afrri.usuhs.mil, would provide enhanced tools for the 
medical community to effectively manage a radiation casualty incident. 

1.0 INTRODUCTION 

In 1995, the U.S. military requested the Medical Follow-up Agency of the Institute of Medicine to provide 
advice related to exposure of military personnel to radiation doses. Dr. F.A. Mettler (University of New Mex-
ico, Albuquerque, NM) chaired a report of the Committee on Battlefield Radiation Exposure Criteria, which 
recommended establishing a program of individual measurement, recording, maintenance, and use of do-
simetry and exposure information [Institute of Medicine 1999]. Personnel physical dosimeters are recom-
mended and advocated for use by radiation workers, astronauts [Semkova 1995; Apathy 1999], and U.S. 
military personnel at risk of exposure to ionizing radiation. Although physical dosimeters of radiation expo-
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sure are useful for radiation-protection applications, their use alone is considered inadequate to provide neces-
sary diagnostic information to treat individuals for life-threatening radiation exposures. Changes in the physi-
cal location of dosimeters on individuals, whole-body versus partial-body exposures, and variation in dose 
rate all affect the determination of radiation dose exposure and introduce significant uncertainties in estimat-
ing radiation injury that require medical treatment and care. Biological dosimetry assay systems complement 
physical dosimetry because they weigh the different components of the radiation environment according to 
their biological efficacy [Horneck 1998]. 

In 1996 and 1999, scientific sessions at conferences sponsored by the Armed Forces Radiobiology Research 
Institute (AFRRI) evaluated candidate biodosimetric approaches useful in military operations [Blakely 1998; 
Blakely 2002b]. In addition, the Defense Threat Reduction Agency in 2001 sponsored a conference held by 
the National Council of Radiation Protection and Measurements (NCRP) on current available and emerging 
technologies to provide biodosimetry capability in military operations [Preston 2001]. In October 2004, the 
Council of Ionizing Radiation Measurements and Standards focused their annual meeting on biological dosimetry 
measurements and standards. The consensus from these national and international conferences was the use of a 
multiple dosimetry approach involving radiation dosimeters, radioactivity measurements, and biological assays 
for radiation exposure assessment related to medical radiological management applications. 

The use of multiple bioassays for dose assessment represents the current state of art in radiation accident bio-
dosimetry for definitive dose assessment [Blakely 2002a; Blakely 2002d]; however, current gaps exist in an 
effective dosimetry system for operational military medical applications. Recognizing the need to fill these gaps, 
the U.S. Army has identified several high-priority specific military requirements (SMR) for radiation and nuclear 
weapons effects including: a) low-level radiation individual digital dosimeter (SMR rank 8), b) field radiological 
biodosimetry (SMR rank 12), c) non-invasive field biodosimetry (SMR rank 15), and d) deployable dosimetry 
system (SMR rank 16) [USANCA, 2003]. Advances in the development, validation, and fielding of radiological 
countermeasures in this area also would have direct relevance to medical preparedness for emerging risks asso-
ciated with radiological terrorism [Yehezkelli 2002]. 

Molecular biomarkers are used as diagnostic endpoints in environmental health [Vainio 2001] and cancer 
[Preston 2002] risk assessments. For example, the blood level of prostate-specific antigen is a predictive indi-
cator for prostate cancer risk. The human genome has some 50,000 to 100,000 genes that represent the tem-
plate for many more proteins, generally with proteomic patterns specific to cell types and tissues. Biological 
monitoring of molecular biomarkers can provide radiation exposure assessment [Horneck, 1998; Becciolini 
2001; Blakely 2001; Blakely 2002c, Blakely 2002d]. Although still in its infancy as a scientific discipline, the 
study of radiation biomarkers could include DNA mutations, gene expression, and protein endpoints. Cellular 
responses to ionizing radiation have been evaluated using gene-expression array technologies. A few highly 
over-expressing sentinel radiation-responsive targets were identified from an array of distinct gene-expression 
profile responses [Amundson 2000; Amundson 2002]. 

There also are efforts to identify candidate radiation-responsive protein biomarkers (Table 1). Hofmann and 
colleagues reported radiation-induced increases of serum amylase in 41 patients, following either whole-body 
irradiation or irradiation of the head and neck region [Hofmann 1990]. Becciolini and colleagues advocate the 
use of biochemical (e.g., serum amylase and tissue polypeptide antigen) dosimetry for prolonged spaceflights 
[Becciolini 2001]. Low doses of radiation, in the range commonly received by atomic radiation workers or as 
a result of minor medical diagnostic procedures (0.25 to 10 mGy), stimulate the expression of IL-2 receptors 
(IL-2R) on the surface of peripheral blood lymphocytes (PBL) taken from normal human donors [Xu 1996]. 
Additional studies are needed to validate candidate protein biomarkers for applied biological dosimetry appli-
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cations. 

Table 1: Selected list of radiation-responsive protein biomarkers and their respective tissue or cell location 

Protein Tissue or cell location References 

Amylase, tissue 
polypeptide antigen 

Parotid gland [Hofmann 1990; Dubray 1992; 
Becciolini 2001] 

Cytokines (IL-6, TNF-α) Skin and blood [Beetz 1997] 

Alkaline phosphatase; 
Gadd45 

Blood [Papathanasiou 1991; 
Donnadieu-Claraz 1989]  

 
Diagnostic assessment of radiation exposure is necessary to support triage of radiation casualties and develop 
treatment strategies for individuals exposed to life-threatening injuries. No single biodosimetric assay is ade-
quate to provide medical response for varied radiation-exposure scenarios as well as to provide surge-response 
capabilities due to mass radiological casualties [Prasanna 2004]. A multiple parameter biodosimetry system 
should be developed using diagnostic equipment with dual-use application (e.g., general medical care). Here 
we describe research findings of AFRRI’s Biological Dosimetry Team members identifying, optimizing de-
tection, and validating protein biomarkers for radiation dose assessment. These studies were designed to con-
tribute toward the development of multiple parameter bioassays (signs/symptoms, hematology, cytogenetic, 
and molecular biomarkers) and the use of software applications to record and integrate multiple biodosimetry 
diagnostic information for medical management of radiation casualties [Sine 2001; Salter 2004]. 

2.0 RESULTS AND DISCUSSION 

2.1 Ex Vivo Human Peripheral Blood Lymphocyte Radiation Model Studies 
At AFRRI, initial radiation protein biomarker studies focused on detection of proto-oncogene protein products 
following ex vivo exposure of isolated human peripheral blood lymphocytes (HPBL) to ionizing radiation. The 
experimental protocol for isolating HPBL and exposing these cells to ionizing radiation was similar to that 
previously described [Miller 2002] and were modeled after parallel studies evaluating radiation-induced 
chromosome aberrations [Prasanna 2002]. Proto-oncogenes (i.e., ras p21, raf) in the cell pellets were meas-
ured using conventional dual-antibody, enzyme-linked, immunosorbent serologic assay (ELISA) methodology 
[Brandt-Rauf 1998]. Figure 1 illustrates the time course for ras p21 and raf proteins detected in lymphocyte 
cell pellets after exposure to 10 and 75 cGy x-rays, showing the potential utility of protein biomarkers to de-
tect radiation exposure. 

2.2 In Vivo Murine Blood Serum Radiation Model Studies 
The ex vivo HPBL protein radiation biomarker findings at AFRRI catalyzed the initiation of radiation protein 
biomarker studies using an in vivo murine radiation model. Male BALB/c mice were exposed to 25-cGy 60Co-
gamma radiation. Dosimetry was performed as previously described [Miller 1999]. Serum levels of proteins 
were measured at various times following radiation (<120 hr) by conventional ELISA assays. 

Exposure of mice to 25 cGy gamma rays resulted in the up-regulation of serum levels of apoptosis (Bax), anti-
apoptosis (Bcl2), proto-oncogene (ras-p21), and DNA repair (p21Waf1Cip1) proteins (Figure 2) [Miller 1999; 
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Blakely 2003a]. The use of multiple protein targets were evaluated in order to provide additional radiation 
specificity and sensitivity. Results from these preliminary in vivo validation studies established an initial 
proof-of-concept that radiation biomarkers could provide diagnostic information useful for radiation-exposure 
assessment.  

 

 
 
 
 
 

 
 

Figure 1: Time course of ras p21 and raf protein 
content in human ex vivo blood lymphocyte model 
after exposure to 10- and 75-cGy 250 kVp x-ray 
exposure (100 cGy/min). Samples are derived from the 
blood lymphocyte cell pellets. Protein content is 
determined by spectrophotometric analysis. Specific 
protein biomarkers were detected at equivalent total 
protein levels using a conventional ELISA method. 
Symbols represent the means (n = 5, SE were <20% of 
the means) for ras p21 (circles) and raf (triangle) after 
exposure to 10 (open circles) and 75 (solid circles) 
cGy. Components of these results are derived from 
previous published studies [Miller 1999; Blakely 
2003b]. 
Figure 2: Radiation-responsive changes in the expression of ras-p21, p21 Waf1Cip1, Bax, and Bcl2 in 
peripheral blood serum of 25-cGy irradiated rodents. See manuscript text for additional experimental details. 
Each symbol represents the mean from 5 to 12 animals. Components of these results are derived from previous 
published studies [Miller 1999; Blakely 2003a]. 
13–4 NATO RTG-099 2005 
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2.3 Microsphere Immunoassay Studies Using In Vitro Human Blood Radiation Model 

2.3.1 Microsphere Immunoassay 

Although the dual antibody sandwich ELISA is a convenient and adequate procedure to quantify protein bio-
markers, it has some significant limitations. The assay requires high-sample volume and cannot be multi-
plexed. We have initiated a strategy to optimize and validate radiation-responsive protein biomarkers using a 
microsphere-based multi-analyte assay system (Luminex-100TM). The approach of using the microsphere-
based capture sandwich immunoassay was highly appealing because this technology demonstrates cost-
effectiveness for multiplexing capability and high-sample throughput analysis. This technology is based on 
microscopic spherical polystyrol particles that serve as a solid phase for molecular detection reactions 
[McHugh 1994]. Labelled particles are then measured using a flow cytometer equipped with a 96-well micro-
titer plate platform. The method used a mixture of two distinct sets of uniquely fluorescent micro-spheres, i.e., 
an array of fluorescent micro-spheres [Kettman 1998], which were identified by distinct red and orange fluo-
rescent internal dyes by the Luminex-100TM flow analyzer [Fulton 1997]. Quantification was accomplished 
with a green fluorescent reporter molecule. At present, 100 distinct sets of fluorescent micro-spheres are 
available, permitting multiple detection reactions to be carried out simultaneously in very small sample vol-
umes. Furthermore, this technology demonstrates unsurpassed sensitivity, specificity, high-throughput poten-
tial and flexibility. In these initial studies we selected the radiation-responsive GADD45 protein target due to 
the robust dose responses demonstrated using gene-expression bioassay with a human blood ex vivo radiation 
model (Grace 2002). LuminexTM reagents for detecting the DNA strand break-repair protein, GADD45α, were 
prepared using protocols provided by the manufacturer (Luminex Corp., Austin, TX). A calibration curve (data 
not shown) was obtained using a GADD45α protein standard (Santa Cruz Biotechnology, Inc., Santa Cruz, 
CA). 

 

2.3.2 Radiation dose response using 
ex vivo human blood 

These LuminexTM studies at AFRRI used a 
human peripheral blood model exposed ex vivo to 
60Co gamma rays (0–6 Gy) at dose rates of 10 
cGy/min. The experimental protocol for blood 
collection and exposing blood cells to ionizing 
radiation was modeled after parallel studies eval-
uating radiation-induced gene expression 
[Blakely 2002; Grace 2002]. GADD45α protein 
was detected in cell pellets using the LuminexTM 
methodology at 24 and 48 hr after radiation. 
Radiation caused a progressive dose dependent 
increase in GADD45α protein in blood cell 
pellets (Figure 3) and blood serum (data not 
shown). A similar radiation dose-dependent in-
crease in GADD45α protein was observed in 
another experiment (0-3 Gy) using blood serum 

Figure 3: Radiation-responsive changes in the GADD45α levels in human blood cells at 24- and 48 hr 
after exposure to exposure to 60Co gamma rays (10 cGy/min). See manuscript text for additional 
experimental details. Each symbol represents the mean of two replicates from a single experiment. 
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(data not shown). 
 

2.3.3 Simulated Partial-Body Radiation Exposure Human Blood Study 

Radiation accidents typically involve partial-body exposures. In order to evaluate the potential utility of the 
candidate radiation protein bioassays for this radiation scenario, we performed a simulated ex vivo partial-
body exposure study similar to that described previously using a chromosome aberration endpoint [Blakely 
1995]. Table 2 illustrates the experimental design involving exposing blood samples to 6 Gy 60Co gamma rays 
(10 cGy/min) and mixing with control (sham) sample immediately after exposure. The mixtures were then 
incubated for 24 hr and GADD45α protein detected in blood cell pellets using another batch of GADD45 
LuminexTM reagents. These results are consistent with the GADD45α data described earlier and suggest that 
the GADD45 sandwich immunoassay can predict partial-body exposures (Figure 4). 

Table 2: Experimental design for simulated partial-body exposure model 
using ex vivo irradiated human blood 

Percent blood irradiated Blood sample mixture 

 0-Gy sample, % 6-Gy sample, % 
0 100 0 
20 80 20 
40 60 40 
60 40 60 
80 20 80 
100 0 100 

 
 
 

 
 
 
 
 

Figure 4: GADD45α protein content as a 
function of percent human blood irradiated in a 
simulated partial-body exposure. Ex vivo human 
whole blood was exposed to 6 Gy (10 rads/min) 
of bilateral radiation and mixed with non-
irradiated blood from the same donor. The mixed 
blood was incubated with RPMI plus 10% fetal 
bovine serum media and cultured for 24 hr. The 
simulated partial-body exposure was analyzed 
via LuminexTM technology. Three independent 
experiments were performed. The symbols 
represent the means of each replicate experiment. 
Standard errors of the means are less than the 
symbol size. 
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2.4 Analysis Platforms 

2.4.1 Reference Clinical Laboratory System 

A robotic analysis system for processing the blood protein microsphere immunoassay was designed and estab-
lished at AFRRI. The system consists of a robotic liquid-handling system (Qiagen Biorobot 8000) designed 
specially for the microsphere immunoassay, a UV/VIS spectrometer (PowerWave X Spectrophotometer) 
compatible to perform total protein-quantification analysis of samples on microplates, and a dedicated flow 
cytometry system (LuminexTM-100) for analysis of blood proteins using the microsphere-based immunoassay 
(Figure 5). 

 

 
 
Figure 5: AFRRI’s high-throughput microsphere immunoassay analysis system. The photographic images 
show the analytical system that robotically processes blood samples to measure protein biomarker changes 
predictive of radiation exposure using the microsphere immunoassay. See manuscript text for details. Compo-
nents of this system were derived from a previous published study [Blakely 2003b]. 

The Qiagen BioRobot 8000 currently functions using pre-installed generic liquid-handling protocols. The 
UV/VIS spectrophotometer plate reader with the microplate format enhances our ability to quantify total pro-
tein. These total protein data are essential for selecting the volume of sample necessary for the sandwich im-
munoassay performed on the LuminexTM -100 instrument. In conjunction with the LuminexTM instrument, the 
BioRobot 8000 provides the liquid-handling automation required for high-throughput analysis of samples for 
the protein biomarker(s) of interest. 

2.4.2 Field-Deployable Laboratory and Hand-Held Analytical Systems 

The U.S. Army currently uses conventional ELISA-based diagnostic analysis platforms in their field deploy-
able laboratory teams (i.e., the 1st and 9th Area Medical Laboratories). Advanced analytical systems using 
technologies based on molecular biology have been adopted by the U.S. military for deployable field labora-
tory applications of biological pathogen detection [Belgrader 1999]. Further miniaturization of diagnostic 
equipment used to detect nucleic acid sequences [Northrup 1998; Anderson 2000] and antigen-based bio-
markers would enhance diagnostic capabilities in field operations. Exploitation of these analytical instrument 
systems for diagnostic biodosimetry applications has significant military operational benefits [Blakely 2002b]. 

 
 



Radiation-Responsive Protein Bioassays for Biodosimetry Applications 

13–8 NATO RTG-099 2005 

 

 

3.0 SUMMARY 

• Established proof-of-concept data, based on in vitro HPBL and in vivo murine blood serum studies, 
showing that blood protein biomarkers are a potentially useful diagnostic biomarker for radiation ex-
posure assessment. 

• Characterized preliminary radioresponse for GADD45α using ex vivo human blood model systems. 
Overall, these GADD45 radioresponse results using the microsphere immunoassay demonstrate that 
our approach is a feasible, high-throughput, and rapid biodosimetry approach for radiation dose as-
sessment. 

• Efforts currently underway are to further optimize a high-throughput robotic system and to collabo-
rate with others to provide additional in vivo validation data of radiation-responsive protein bio-
markers for radiation injury and dose assessment. 

 

4.0 ACKNOWLEDGEMENTS 

AFRRI, the National Institute of Allergy and Infectious Diseases, the National Institutes of Health (Bethesda, 
MD), supported this research under work units BD-02, BD-05, and BD-08, research agreement Y1-AI-3823-
01, respectively. Views expressed are those of the authors; no endorsement by AFRRI has been given or in-
ferred. We would like to thank Frank Duffy for editorial assistance, W.E. Jackson for statistics, and M. Behme 
for assistance in illustrations. 

5.0 REFERENCES 

[Amundson 2000] S.A. Amundson, K.T. Do, S. Shahab, M. Bittner, P. Meltzer, J. Trent, A.J. Fornace, Jr., 
Identification of potential mRNA biomarkers in peripheral blood lymphocytes for human exposure to ionizing 
radiation, Radiation Research 154(3): 342-346. 
 
[Amundson 2001] S.A. Amundson, A.J. Fornace Jr., Gene expression profiles for monitoring radiation expo-
sure, Radiation Protection Dosimetry 97(1): 11-16. 
 
[Anderson 2000] R.C. Anderson, S. Xing, G.J. Bodgan, FJ. Fenton, A miniature integrated device for auto-
mated multistep genetic assays, Nucleic Acids Research 28(12): 60-5. 
 
[Apathy 1999] I. Apathy, S. Deme, I. Bodnar, A. Csoke, I. Hejja, An on-board TLD system for dose monitor-
ing on the International Space Station, Radiation Protection Dosimetry, 84(1-4 Pt1): 321-323. 
 
[USANCA 2003] United States Army Nuclear and Chemical Agency, Army Specific Military Requirements 
for Radiation and Nuclear Weapons Effects FY05/06, 2003, pp. 47. 
 
[Becciolini 2001] A. Becciolini, S. Porciani, M. Lanini, M. Balzi, P. Faraoni, Proposal for biochemical do-
simeter for prolonged space flights, Phys. Med., 17 (Suppl. 1): 185-6. 
 
[Beetz 1997] A. Beetz, G. Messer, T. Oppel, D. van Beuningen, R.U. Peter, P. Kind, Induction of interleukin 
6 by ionizing radiation in a human epithelial cell line: Control by corticosteroids, International Journal of 
Radiation Biology 72: 3-43. 



Radiation-Responsive Protein Bioassays for Biodosimetry Applications 

NATO RTG-099 2005 13–9 

 

 
[Belgrader 1999] P. Belgrader, W. Benett, D. Hadley, J. Richards, P. Stratton, R. Mariella Jr., F. Milanovich, 
PCR detection of bacteria in seven minutes, Science 284: 449-450. 
 
[Blakely 1995] W.F. Blakely, P.G.S. Prasanna, C.J. Kolanko, M.D. Pyle, D.M. Mosbrook, A.S. Loats, T.L. 
Rippeon, H. Loats, Application of the premature chromosome condensation assay in simulated partial-body 
radiation exposures: Evaluation of the use of an automated metaphase finder, Stem Cells 13 (Suppl. 1): 223-
230. 
 
[Blakely 1998] W.F. Blakely, T.M. Seed, P.G.S. Prasanna, A.J. Carmichael, N. Ramakrishnan, D.A. Schauer, 
C.L. Greenstock, Summary of Session IV–Forward-Field Bioindicators for Dose Assessment: Possible 
Alternatives, in Proceedings “Triage of Irradiated Personnel,” G.L. Reeves, D.G. Jarrett, T.M. Seed, G.L. 
King, W.F. Blakely (Eds), Special Publication 98-2. Bethesda, MD: Armed Forces Radiobiology Research 
Institute, 21-26. 
 
[Blakely 2001] W.F. Blakely, P.G.S. Prasanna, M.B. Grace, A.C. Miller, Radiation exposure assessment us-
ing cytological and molecular biomarkers, Radiation Protection Dosimetry 97(1): 17-23. 
 
[Blakely 2002a] W.F. Blakely, Invited editorial: Multiple parameter biodosimetry of exposed workers from 
the JCO criticality accident in Tokai-mura, Journal of Radiological Protection, 22: 5-6 
 
[Blakely 2002b] W.F. Blakely, A.L. Brooks, R.S. Lofts, G.P. van der Schans, P. Voisin, Overview of low-
level radiation exposure assessment–biodosimetry, Military Medicine 167 (Suppl 1): 20-24. 
 
[Blakely 2002c] W.F. Blakely, A.C. Miller, L. Luo, J. Lukas, Z.D. Hornby, C.J.C. Hamel, J.T. Nelson, N.D. 
Escalada, P.G.S. Prasanna, Nucleic acid molecular biomarkers for diagnostic biodosimetry applications: Use 
of fluorogenic 5`-nuclease polymerase chain reaction assay, Military Medicine 167(Suppl 1): 10-12. 
 
[Blakely 2002d] W.F. Blakely, P.G.S. Prasanna, A.C. Miller, Update on current and new developments in 
biological dose-assessment techniques, in “The Medical Basis for Radiation-Accident Preparedness: The 
Clinical Care of Victims”, R.C. Ricks, M.E. Berger, F.M. O’Hara, Jr. (Eds), Parthenon Publishing, New 
York, NY, pp. 23-32. 
 
[Blakely 2003a] W.F. Blakely, A.C. Miller, M.B. Grace, C.B. McLeland, L. Luo, J.M. Muderhwa, V.L. 
Miner, P.G.S. Prasanna, Radiation biodosimetry: Applications for spaceflight, Advances in Space Research, 
31(6): 1487-1493. 
 
[Blakely 2003b] W.F. Blakely, A.C. Miller, M.B. Grace, C.B. McLeland, J.M. Muderhwa, P.G.S. Prasanna, 
Dose assessment based on molecular biomarkers, in: “Proceedings of the 36th Health Physics Society Midyear 
Topical Meeting, Radiation Safety Aspects of Homeland Security and Emergency Response”, San Antonio, 
TX, Health Physics Society, Arlington, VA, pp. 229-234. 
 
[Brandt-Rauf 1998] P.W. Brandt-Rauf, M.R. Pincus, Molecular markers of carcinogenesis, Pharmacology 
Therapy 77(2): 135-48. 
 
[Donnadieu 1999] M. Donnadieu-Claraz, M. Benderitter, C. Joubert, P. Voisin, Biochemical indicators of 
whole-body gamma-radiation effects in the pig, International Journal of Radiation Biology 75: 165-174. 
 



Radiation-Responsive Protein Bioassays for Biodosimetry Applications 

13–10 NATO RTG-099 2005 

 

 

[Dubray 1992] B. Dubray, T. Girinski, H.D. Thames, A. Becciolini, S. Porciani, C. Hennequin, G. Socie, M. 
Bonnay, J.M. Cosset, Post-irradiation hyperamylasemia as a biological dosimeter, Radiotherapy Oncology 24: 
21-26. 
 
[Fulton 1997] R.J. Fulton, R.L. McDade, P.L. Smith, L.J. Kienker, J.R. Kettman, Advanced multiplexed 
analysis with the Flow Metrix system, Clinical Chemistry 43:1749-1756. 
 
[Grace 2002] M.B. Grace, C.B. McLeland, W.F. Blakely, Real-time quantitative RT-PCR assay of GADD45 
gene expression changes as a biomarker for radiation biodosimetry, International Journal of Radiation Biol-
ogy 78(11): 1011-1021. 
 
[Hoffmann 1990] R. Hofmann, G.A. Schreiber, N. Willich, R. Westhaus, K.W. Bogl, Increased serum amy-
lase in patients after radiotherapy as a probable bioindicator for radiation exposure, Strahlentherapy Onkology 
166(10): 688-95. 
 
[Horneck 1998] G. Horneck, Biological monitoring of radiation exposure, Advances in Space Research 
22(12): 1631-1641. 
 
[Institute of Medicine, 1999] Institute of Medicine, Potential radiation exposure in military operations, 
protecting the soldier before, during, and after, S. Thaul and H. O’Maonaigh (Eds.), Institute of Medicine, 
National Academy Press, Washington, DC. 
 
[Kettman 1998] J.R. Kettman, T. Davies, D. Chandler, K.G. Oliver, R.J. Fulton, Classification and properties 
of 64 multiplexed microsphere sets, Cytometry 33: 131-140. 
 
[McHugh 1994] T.M. McHugh, Flow microsphere immunoassay for the quantitative and simultaneous 
detection of multiple soluble analytes, Methods Cell Biology 42: 575-595. 
 
[Miller 1999] A.C. Miller, L. Luo, E. Koppang, P.G.S. Prasanna, W.F. Blakely, Ras proto-oncogene expres-
sion and protein production: A predictive assay for biodosimetry applications, in “Radiation Research Vol 1: 
Abstracts, Eleventh International Congress of Radiation Research”, M. Moriarty M.C. Mothersill, C. Sey-
mour (Eds.), Abstract GE/I19, Allen Press, Lawrence, KS, pp. 117. 
 
[Miller 2002] A.C. Miller, L. Luo, W.K. Chin, A.E. Director-Myska, P.G.S. Prasanna, W.F. Blakely, Proto-
oncogene expression: A predictive assay for radiation biodosimetry applications, Radiation Protection Do-
simetry 99: 295-302. 
 
[Northrup 1998] M.A. Northrup, B. Bennett, D. Hadley, P. Landre, S. Lehew, J. Richards, P. Stratton, A 
miniature analytical instrument for nucleic acids based on micromachined silicon reaction chambers, Analyti-
cal Chemistry 70(5): 918-922. 
 
[Papathanasiou 1991] M.A. Papathanasiou, N.C. Kerr, J.H. Robbins, O.W. McBride, I. Alamo Jr., S.F. Bar-
rett, I.D. Hickson, A.J. Fornace Jr., Induction by ionizing radiation of the gadd45 gene in cultured human 
cells: Lack of mediation by protein kinase C, Molecular Cell Biology 11: 1009-1016. 
 
[Prasanna 2002] P.G.S. Prasanna, H. Loats, H.M. Gerstenberg, B.N. Torres, C.W. Shehata, K.L. Duffy, R.S. 
Floura, A.W. Khusen, W.E. Jackson, W.F. Blakely, AFRRI’s gamma-ray, x-ray, and fission-neutron calibra-
tion curves for the dicentric assay: Application of a metaphase finder system, AFRRI Special Publication 02-



Radiation-Responsive Protein Bioassays for Biodosimetry Applications 

NATO RTG-099 2005 13–11 

 

1, Defense Technical Information Center, Fort Belvoir, VA. 
 
[Prasanna 2004] P.G.S. Prasanna, J.M. Muderhwa, A.C. Miller, M.B. Grace, C.A. Salter, W.F. Blakely, 
Diagnostic biodosimetry response for radiation disasters: Current research and service activities at AFRRI, in 
“NATO Medical Surveillance and Response, Research and Technology Opportunities and Options”, North 
Atlantic Treaty Organization, AC/323 (HFM-108)TP/55, 24, pp. 1-15. 
 
[Preston 2001] R.J. Preston, 21st Century biodosimetry: Quantifying the past and predicting the future, 
Radiation Protection Dosimetry 97:1-80. 
 
[Preston 2002] R.J. Preston, Quantitation of molecular endpoints for the dose-response component of cancer 
risk assessment, Toxicologic Pathology 30: 112-116. 
 
[Salter 2004] C.A. Salter, I.H. Levine, W.E. Jackson, P.G.S. Prasanna, K. Salomon, W.F. Blakely, Biodo-
simetry tools supporting the recording of medical information during radiation casualty incidents, in “Pro-
ceedings of the Health Physic Society 2004 Summer School Course–Public Protection from Nuclear, 
Chemical, and Biological Terrorism,” Allen Brodsky and Ray Johnson (Eds.), Ch 28, Gaithersburg, MD, July 
6-9 2004, pp. 481-488. 
 
[Semkova 1995] J.V. Semkova, Ts.P. Dachev, Yu.N. Matviichuk, R.T. Koleva, P.T. Baynov, B.T. Tomov, 
J.F. Botolier-Depois, V.D. Nguen, L. Lebaron-Jacob, M. Siegrist, E. Duvivier, B. Almarcha, V.M. Petrov, 
V.A. Shurshakov, V.S. Makhmutov, Proposal for new radiation control system for future manned space 
flights, Acta Astronaut 36(8-12): 629-638. 
 
[Sine 2001] R.C. Sine, I.H. Levine, W.E. Jackson, A.L. Hawley, P.G.S. Prasanna, M.B. Grace, R.E. Goans, 
R.C. Greenhill, W.F. Blakely, Biodosimetry Assessment Tool: A post-exposure software application for man-
agement of radiation accidents, Military Medicine 166 (Suppl. 2): 85-87. 
 
[Vainio 2001] H. Vainio, Use of biomarkers in risk assessment, International Journal of Hygiene Environ-
mental Health 204: 91-102. 
 
[Xu 1996] Y. Xu, C.L. Greenstock, A. Trivedi, R.E. Mitchel, Occupational levels of radiation exposure 
induce surface expression of interleukin-2 receptors in stimulated human peripheral blood lymphocytes, 
Radiation Environmental Biophysics 35: 89-93. 
 
[Yehezkelli 2002] Y. Yehezkelli, T. Dushnitsky, A. Hourvitz, Radiation terrorism—the medical challenge, 
Israeli Medical Association Journal 4: 530-534. 

http://www.afrri.usuhs.mil/www/outreach/pdf/prasanna_NATO_2004.pdf

